46

causes of accidents could be better identified, and diving
safety would be enhanced.

References

1 Bennett PB. Director’sCorner (Editorial). Alert Diver
1986; 2 (4): 11

2 Wachholz C. How safe is recreationa diving? An
estimate of the incidence of non-fatal scuba diving
injuries. Alert Diver 1985; 2 (2): 1-2

3 Bove AA. Diving Medicine (Editoria). SkinDiver
1988; October: 12

4  RogersRE. TheDiveTables: adifferent view. Under-
sea J 1984; (4): 8,27

5 Egstrom G. Dive computers, dive tables and decom-
pression. In Lang, MA and Hamilton, RW eds. Pro-
ceedingsof AAUSdivecomputer wor kshop, Catalina,
California 1988: 163-172

6 EdmondsC. Dive computers - the Australian experi-
ence. InLang, MA and Hamilton, RW eds. Proceed-
ings of AAUS dive computer workshop, Catalina,
California 1988: 59-68

7  Bennett PB, Moon RE, Dovenbarger JA and Wachhol z
CJ. Injury risk in sport diving. Alert Diver 1989; 5
(1): 8

8 Vann RD, Dovenbarger J, Bond J, Bond B, Rust J,
Wachholz C, Moon RE, Camporesi EM and Bennett,
PB. Decompression sicknessand diver-carried com-
puters. Alert Diver 1990; February/March: 12

9 Bookspan Jand Bove AA. Comparison of proposed
new sport diving tables with Navy Standard Air
decompressiontablesusing tissue M values. Under-
sea Biomed Res 1989; 16 (Suppl): 66

10 DavisM.ThePADI Wheel - Thecart beforethe horse?
New Zealand Underwater 1989; December: 22-23

11 Rogers RE. Testing of the recreational dive planner.
SPUMS J 1991; 21 (3):

12 Anon. DAN still needs 386 or 286 P.C. Alert Diver;
19895 (2): 13

13 DAN 1989 Report on Diving Accidents and Fatalities.
DiversAlert Networ k. Durham, North Carolina; 1991

14 RichardsonD. Howisthe RDP performing? Undersea
J1990; (3): 3,16

15 Monaghan R. The risks of sport diving. SPUMS J
1988; 18 (2): 53-57

16 Hornsby A. PADI Responds (letter to Editor). SPUMS
J 1988; (4):149-150

17 Bennett PB. Director’ sCorner (Editorial). Alert Diver
1990; May/June: 3

18 MonaghanR. Isdiving getting safer? SPUMSJ 1988;
18 (2): 57-60

19 DEMA Diver Erosion Sudy. Diagnostic Research,
Inc; 1988

The address of Dr Raymond E Rogers, DDS is Box
759, Blairsville, Georgia 30512, U.SA.

SPUMS JOURNAL Vol 22 No. 1 January-March 1992

TRIAL OF IN-WATER OXYGEN RECOMPRES-
SION THERAPY IN ANTARCTICA

Peter Sullivan and Attila Vrana

Abstract

In recent years the Australian National Antarctic
Research Expeditions have carried out several extensive
divingprogramsinAntarctica. Asaccesstoarecompression
chamber in this situation is usually impossible, a case of
decompression sickness would present a major therapeutic
problem. It has been suggested that, despite the extremely
cold conditions, the technique of emergency recompression
inwater, using oxygen, may beapplicable evenin Antarctic
waters. This paper presents the results of thermal monitor-
ing carried out during two simulations of the technique
under actual Antarctic conditions. The first trial had to be
aborted after 90 minutes when one subject sustained a
significant drop in his core temperature. In the second trial
aheavier subject was able to maintain an acceptabl e rectal
temperaturefor theentire2 hours36 minutesduration. From
thisitisconcluded that, using current diving equipment, the
technique cannot beadequately relied uponfor thetreatment
of decompression sickness. For the technique to be safely
used, even better thermal insulationthanthat currently inuse
would have to be employed.

Introduction

The concept of using oxygen underwater for the
emergency treatment of decompression sickness in remote
areas was first suggested by Edmonds in the early 1970's,
athough not published until 1976.1 It was devised as the
result of a number of cases of decompression sickness
occurring in extremely isolated areas of the south-western
Pacific, whereevacuationtoarecompression chamber would
have involved a delay of many hours or even days. Origi-
nally, it washoped that thistechniquewould prove adequate
for thetreatment of minor cases, and prevent deteriorationin
serious casesuntil suitabletransport could bearranged. Not
only wasit successful intheseaimsbut, inanumber of cases
of neurological decompression sickness, the procedure re-
sulted in dramatic improvement and even cure. Indeed, the
technique has proven so effectivethat it has been approved,
athough only for emergency use in areas remote from a
chamber, by the Royal Australian Navy? and in the 1979
AustralianDiving Standards(A S2299).2 Inrecentyears, the
United States Navy approved amodified version of oxygen
in-water recompressiontherapy, but only asan option of last
resort.* At the Twentieth UnderseaMedical Society Work-
shop onthe Treatment of Decompression Sicknessmembers
concluded that while they could not recommend the wide-
spread use of underwater oxygen treatment, they did note:
“In remote conditions, with expert and experienced person-
nel, and when procedures have been fully planned and the
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proper equipment is at hand, workshop members recognize
that the technique has value’ .

Over thelast decadethe Australian National Antarc-
tic Research Expeditions (ANARE) have carried out several
extensive diving programs, particularly at Davis Station,
Antarctica. Thissurely must beoneof themostisolated dive
locationsin the world, located asit is some 220 km below
theAntarctic Circle, cut off from shipping by sea-icefor nine
monthsof theyear, and lacking facilitiesfor air transport. In
the absence of arecompression chamber the dive team was
acutely aware of the need for safe diving procedures. The
dive tables (1972 RNPL/BS-AC) were modified accord-
ingly by adding extraincrementsto both depth andtime, and
no divesrequiring decompression were permitted. Even so,
the possibility of decompression sickness could not be
entirely excluded and the optionsfor treating suchacasehad
to be considered. One such option was the use of in-water
oxygen recompression therapy.

Sincethistherapy takesbetween two and three hours
(depending on the severity of the case and the rate of
improvement), cold water is usually considered a contra-
indication to the use of underwater oxygen therapy.® Even
in the tropical waters of Central Queensland, one such
treatment had to be abandoned when the patient reported that
he was becoming too cold and insisted on terminating the
dive.

In the summer of 1981/82 Carl Edmonds carried out
atrial of the oxygen underwater equipment at Davis Station.
One diver acted as the stationary “patient” and wore a dry
suit, albeit anill-fitting one, whilethe other worea9 mmwet
suit and was free to swim about.

Neither diver was monitored and thermal stresswas
assessed purely on subjective grounds. Thetrial wastermi-
nated after 1 hour 15 minutes when the “ patient” started to
shiver and complained of feeling cold. Despite this result,
Edmonds concluded that the underwater oxygen system
could be employed in the Antarctic, provided that better
thermal protectionwasused, such asathin neoprenewet suit
under adry suit.’

The 1985 diving program was carried out on a
considerably more sophisticated level: all members of the
six-man dive team wore custom made dry suits and band
masks; breathing gaswas supplied from an air-bank kept in
the warmed rear-section of one of the vehicles; and dives
were carried out from a heated dive shelter (Figure 1).

In addition, real-time monitoring of both rectal and
skintemperatureswas ableto be conducted. It wasfelt that,
using this equipment, it might be possible toconduct atrial
of afull underwater oxygen recompression therapy safely .
Certainly we wished to carry out a monitored trial of the
procedure rather than being forced to attempt it for the first
time with a genuine case of decompression sickness.
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Materials and methods

The technique of underwater oxygen therapy is as
follows: the patient is lowered aong a shot line to 9 m,
breathing 100% oxygen from asurface supply. For comfort
he should be dlightly overweighted and resting in aharness
or ding. Ascent is commenced after 30 minutes in mild
cases, or 60 minutesin severe cases, if significant improve-
ment hasoccurred. Thesetimesmay beextended for another
30 minutesif no improvement has occurred. The ascent is
madein steps of 1 m every 12 minutes. The patient should
aways wear afull face mask and must be accompanied by
another diver at all times.

For the purposes of thistrial the intermediate thera-
peutic profilewas chosen,1 hour at 9 m and an ascent taking
afurther 1 hour 36 minutes. Although the risk of cerebral
oxygen toxicity isminimal at this depth, for reasons of both
safety and ease of implementation the trial was conducted
using air rather than oxygen. It is considered that the
difference in the therma conductivity of the two gases
would have no significant effect on therespiratory heat loss.
However, the dive panel did have provision for a separate
oxygen supply to the “patient”, if required.

The anthropometric characteristics of thetwo divers
who carried out thetrialsarelisted in Table 1. The estimate
of Mean Weighted Skinfold Thickness (MWST) was based
on the work of Edwards,®® such that:

MWST =0.2

Biceps

+0.2

"™ Triceps

+0.35

35 ¢ pecepuiar T 025

Suprailiac”

Body surfaceareawasestimated accordingtoDuBois
and DuBois® and percentage body fat was as calculated by
Durnin and Womersley.1t

Subject 1 had carried out 54 Antarctic dives within
the previous year and Subject 2 had performed 24. Evenif
acclimatization to cold in Antarctic divers does occur (and
thereissomeevidenceto suggest that it doesnot *?), it would
appear unlikely to have contributed to any significant differ-
ence between the two divers.

Both divers wore the following: polypropylene un-
derwear (which carried the thermistor leads in specially
sewn-inchannels), 3mm(1/8") Thinsulite™ undergarments
and boots, dry suits (CF200X, Diving Unlimited Interna-
tional Inc., San Diego, California), band masks (Kirby-
Morgan), and three-fingered 6 mm (1/4") neoprenemitts. In
each mitt were two 10 g magnesium-iron heat-bags. When
working properly thesebagsgenerate heat by theexothermic
reaction of the two metalsin salt water.®® However, in our
experiencetheir performance was quite variable. The band
masksnot only fulfilled therequirement for afull-face mask
but also allowedfor verbal communi cationsthroughout both
trials.

Thetrial diveswere carried out approximately 1 km
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Figure 1. Diving convoy on the sea-icein Antarctica

TABLE 1

ANTHROPOMETRIC CHARACTERISTICSOF EXPERIMENTAL SUBJECTS

Subject Age Height
(years) (cm)

1 30 178

2 42 189

from Davis Station in some 10 m of seawater. The sea-ice
was 170 cm thick, enabling the warmed dive shelter to be
parked directly over the dive-hole. The temperature of the
seawater at the time of both trialswas -1.4 °C.

Both subjects were instrumented with eight skin
thermistors (Y S| 409B, Yellow Springs Instrument Co.,
Y ellow Springs, OH.) and arectal probe (Y Sl 401) inserted
10 cm. Information from each of these thermistors (plus

Weight MWST Surface Body
(kg) (mm) area (m?) fat (%)

70.1 7.4 1.87 15.6

925 9.0 2.20 21.0

ECG and voice communication) was transferred via a 20-
wire cable in the umbilical to the dive shelter. There the
results were recorded every minute on a datalogger and
transferred to amicrocomputer. Scaled dataweredisplayed
on a video screen and printed out after each scan. The
selection of thermistor sites was as per Adolfson, Sperling
and Gustavsson.* (Figure 2).

Mean skin temperature ( Tsk ) was calculated as
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Figure 2. Thermistor locations

follows:

Tsk=0.07T,+0.175(T,+T, +0.05T,+0.14T +
0.19T,+0.2T,. Mean hand temperature was calculated as
themeanof T,and T,,.

For the tria to be considered successful it was in-
tended that the“ patient” should not only remain moderately
comfortable throughout the full 2 hour 36 minutes of the
treatment table, but that his thermal parameters should be
within the limits established by the CIRIA/ UEG group.t®

a Deep body core temperature should not fall below
35.5°C.

b Mean skin and local head temperature should not fall
below 25 °C with no local measurement below 20 °C except
for hands and feet which should be maintained above 15°C
(for useful work in the fingers) and above 10 °C to prevent
pain and possible cold injury over long dives.

Results

TRIAL ONE

Inthefirst trial the smaller diver, Subject 1, acted as
the stationary “patient” and Subject 2 was his attendant,
maintaining the same depth but free to swim about. Both
subjectsstarted withadlightly elevated rectal temperatureas
aresult of wearing their dry suits for some time inside the
warmed dive shelter. Subject 1's rectal temperature fell
steadily from the startt of the dive. After 90 minutes it
seemed highly unlikely that he would be able to maintain a
rectal temperature above 35.5°C for the required 2 hours 36
minutes, so thetrial was aborted. On leaving the water his
rectal temperature suddenly dropped over a 2 min period
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Figure3. Trial 1of oxygenin-water recompressiontherapy.
The shaded areaindicatesthe dive profile. Thedotted lines
indicatethe UEG minimum acceptable temperatures. Sub-
ject 1 was the stationary “patient”. The trial was aborted
because of thefall in his rectal temperature.

from 36.2 °C to 35.8 °C, the familiar “ after-drop” effect.

Subject 2 reported much lessthermal discomfort and
his rectal temperature demonstrated a much slower fall
(Figure 3). Even after 90 minutes his core temperature had
only fallen by 0.5 °C.

In spite of the difference in rectal temperature, both
subjects maintained a very similar mean skin temperature,
just above the minimum acceptable level. However, there
was one noteworthy difference; after the first few minutes
Subject 1 had ashinthermistor reading about 6 °C lower than
Subject 2. This resulted from the stationary “patient,”
Subject 1, maintaining a vertical position with subsegquent
leg sgueeze, while his attendant, Subject 2, swam about
horizontally.

Despite the exothermic heat-bags the mean hand
temperature of both subjects fell below the recommended
minimum (10 °C) within 30 minutes of commencing the
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Figure4. Trial 2 of oxygenin-water recompressiontherapy.
The shaded area indicatesthediveprofile. Thedotted lines
indicate the UEG minimum acceptable temperatures. This
time subject 2 was the stationary “ patient” and maintained
anacceptablerectal temperature. Datafor thetwenty minute
mark is missing because of atemporary malfunction in the
monitoring equipment.

dive.

TRIAL TWO

Inthe secondtrial it wasthe heavier diver, Subject 2,
who took the role of the stationary “patient”. Asshown in
Figure 4, he sustained adrop in rectal temperature of 0.8 °C
during the first 30 minutes. From then on he was able to
stabilise his core temperature at around 37.0 °C for the
remaining 2 hours of the trial. Though not actually dis-
tressed by the cold hereported that it could not be considered
as aparticularly comfortable dive.

Theattendant, Subject 1, wasfreeto swim about and
did so whenever hefelt himself becoming cold. Asaresult
heal sowasableto maintain an acceptablerectal temperature
and fared much better than he had done on the first trial.

Again, both subjects were able to maintain a mean
skin temperature above the recommended limit. However,
unlike the first trial, where both subjects had very similar
mean skintemperatures, thistime Subject 1 consistently had
askin temperature 2-3 °C above that of Subject 2. Thiswas
partly aresult of hisconsiderably warmer hand temperature,
and partly because, once again, the horizontal attendant had
asignificantly higher (8°C) shinreadingthandidthevertical

SPUMS JOURNAL Vol 22 No. 1 January-March 1992

“patient”.

Subject 2's decline in hand temperature followed
much the same pattern asit didin Trial 1, and after approxi-
mately 40 minutesfell below 10°C. However, neither onthis
dive, nor on any of the 150 other dives which were carried
out during the year was there any evidence of non-freezing
coldinjury tothehands. Interestingly, Subject 1’ sright hand
remained comparatively warm, about 17 °C, apparently
because on this occasion the exothermic heat-bags worked
adequately.

Discussion

It is not surprising to find that it was the heavier
“patient” who was able to maintain an acceptable recta
temperature for 2.5 hours, while the thinner diver sustained
a significant drop in his core temperature when in the
“patient” role. This only confirms the importance of the
insulating role of subcutaneousfat previously demonstrated
by Keatinge, Webb and others.¢%

Also, the results of these two trials confirm the view
expressed by Hayes® that adiver working in sub-zero water
will need insulation of about 2 togs (1.3 Clo) to maintain
comfort, (asolid neoprenedry suit with Thinsuliteundergar-
ments has an insulation value of 1.9 togsin water), but that
once he stops working the requirement rapidly exceeds 4-5
togs.

One final point to consider is that in both trials the
subjects were normothermic at the start of the “treatment”.
However, in areal-life situation it is quite possible that the
dive which “bent” the diver might also have rendered him
somewhat hypothermic.

Remembering that symptomsof decompressionsick-
ness often present within one hour of surfacing it is likely
that the victim may not be adequately rewarmed at atime
when the diving physician is considering subjecting him to
a further 2 to 3 hours of immersion in sub-zero water.
Ascertaining the patient’ s core temperature woul d be essen-
tial before even contemplating the use of in-water oxygen
therapy in such conditions.

Whileitwould beunwiseto extrapol atetoofar onthe
basis of only two trials, these simulations of the underwater
oxygen recompression technique demonstrate that, even
using someof the best passivethermal protection equipment
currently on the market, there still remain major problems
concerning the risk of hypothermia and local cold injury.
Although onelargediver wasableto undergo afull 2.5 hour
“treatment”, a smaller, indeed average sized, diver demon-
strated a significant drop in core temperature after only 90
minutes and the “treatment” had to be abandoned. There-
fore, thetechniquecannot be considered sufficiently reliable
in such cold waters and a proper recompression facility
shouldbeprovidedfor all futurelarge-scale Antarcticdiving
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programs.

Despite the above comments, in an extreme emer-
gency, whereaccessto achamber isimpossible, underwater
oxygen recompression might still be worth attempting,
especially if diver monitoring is available to increase the
safety of the procedure. For even though afull 2 or 3 hour
therapeutic profile may not be possible, it appears that at
least an hour of oxygen at 2 ATA could normally be safely
delivered and might well proveto be of considerable value.
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CLINICAL REVIEW ROYAL ADELAIDE HOSPI-
TAL HYPERBARIC MEDICINE UNIT 1990

Chris Acott

Introduction

Sinceitsinception in 1986 the Royal Adelaide Hos-
pital (RAH) Hyperbaric Medicine Unit has had a steady
clinical work load (Table 1).

During 1990 the medical staff of the Unit wasafull-
time Director, four Specialists, a part-time General Practi-



